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Abstract

We sought to determine the sex- and age-specific risk of mortality associated with scores on the 3-item Alcohol
Use Disorder Identification Test–Consumption (AUDIT-C) questionnaire using data from a national sample of
Veterans Health Administration (VHA) patients. Men (N¼ 215,924) and women (N¼ 9168) who completed the
AUDIT-C in a patient survey were followed for 24 months. AUDIT-C categories (0, 1–4, 5–8, 9–12) were
evaluated as predictors of mortality in logistic regression models, adjusted for age, race, education, marital
status, smoking, depression, and comorbidities. For women, AUDIT-C scores of 9–12 were associated with a
significantly increased risk of death compared to the AUDIT-C 1-4 group (odds ratio [OR] 7.09; 95% confidence
interval [CI]¼ 2.67, 18.82). For men overall, AUDIT-C scores of 5–8 and 9–12 were associated with increased risk
of death compared to the AUDIT-C 1-4 group (OR 1.13, 95% CI¼ 1.05, 1.21, and OR 1.63, 95% CI¼ 1.45, 1.84,
respectively) but these associations varied by age. These results provide sex- and age-tailored risk information
that clinicians can use in evidence-based conversations with patients about the health-related risks of their
alcohol consumption. This study adds to the growing literature establishing the AUDIT-C as a scaled marker of
alcohol-related risk or ‘‘vital sign’’ that might facilitate the detection and management of alcohol-related risks
and problems. (Population Health Management 2010;13:263–268)

Introduction

Despite extensive epidemiological evidence linking
alcohol consumption to health and disease,1–4 far fewer

studies have evaluated whether validated alcohol screening
questionnaires employed in clinical practice can be used
to assess patients’ levels of risk for adverse medical out-
comes.5–12 The ability to judge a patient’s risk of adverse
outcomes from a brief alcohol misuse screening instrument
allows clinicians to provide timely and individually tailored
feedback about the potential medical consequences of the
patient’s drinking. This feedback and advice to reduce drink-
ing are critical components of empirically supported brief
alcohol counseling.13 A screening instrument that provides
patient-specific risk information might act as an alcohol-re-
lated ‘‘vital sign’’ that could be used not only to identify pa-
tients at elevated risk for alcohol-related problems, but also
possibly to guide the selection of interventions and track
responses to treatment.14

The Alcohol Use Disorders Identification Test–Consumption
(AUDIT-C) is a brief screen for alcohol misuse designed and

validated for use in primary care settings.15–19 For men, re-
cent evidence links AUDIT-C scores to subsequent medical
problems that are the consequence of both chronic alcohol
use (eg, liver disease, upper GI bleeding, pancreatitis) and
acute alcohol use (eg, traumatic injury), as well as to mor-
tality.5–10 However, the association between AUDIT-C scores
and health problems in women is unknown. Also, previous
research with male samples has found that the link between
AUDIT-C scores and medical outcomes may vary substan-
tially by age,5–7 but the relatively small sample sizes in
studies to date have permitted evaluation of only 3 broad age
groups (<50, 50–64, >65).

Therefore, the aim of this study is to determine the sex- and
age-specific risks of 2-year mortality associated with AUDIT-C
scores using data from a national sample of patients from the
Veterans Health Administration (VHA). Such sex- and age-
tailored risk information, currently unavailable, might per-
suade clinicians that alcohol misuse and alcohol misuse
screening scores are medically relevant, provide an evidence
base for recommendations to patients about the potential
health-related risks of their alcohol consumption, and facilitate
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improved management of a broad spectrum of alcohol misuse
associated with drinking above recommended limits.

Methods

Data sources and key variables

The VHA’s population-based Survey of Health Experi-
ences of Patients (SHEP) was designed to collect data on
patients’ satisfaction, functional status, and health behaviors.
All patients who received ambulatory care in 2004 and 2005
and who had not been selected for participation in a previous
SHEP survey in the past 12 months were eligible. A survey
was mailed to selected patients in the month after an out-
patient visit.

The AUDIT-C, the main predictor variable for this study,
was included in the SHEP in 2004 and 2005. The 3 AUDIT-C
questions ask about the frequency of drinking, typical
quantity of drinking, and the frequency of drinking 6 or
more drinks on an occasion in the past year (Fig. 1). Each
AUDIT-C response is scored 0 to 4, with total AUDIT-C
scores ranging from 0 to 12 points.16 Patients who have
AUDIT-C scores of 0 are past year nondrinkers; patients who
have AUDIT-C scores of 1–4 reported generally low-level
drinking; patients who have AUDIT-C scores of 5–8 screen
positive for mild-to-moderate alcohol misuse (having 3 or
more drinks most days or 6 or more drinks on some days in
the past year); and patients who have AUDIT-C scores of
9þ report severe alcohol misuse (having 5 or more drinks
most days). The AUDIT-C has been validated as a brief al-
cohol screening questionnaire for the spectrum of alcohol
misuse including risky drinking and active alcohol use dis-
orders.15

The SHEP also included questions about race (African
American, Hispanic, white, other), education (less than high
school, high school graduate, college graduate), marital sta-
tus (no/yes), past year depression, and cigarette smoking
(current, past year, 1–5 years ago, over 5 years ago, or never).
Data on patients’ age at the time of the survey and co-
morbidities were obtained from the VHA National Patient
Care Databases (NPCD). The Deyo Comorbidity Index,
adapted from the Charlson Index for use with International
Classification of Diseases, Ninth Revision, Clinical Modification
(ICD-9-CM) administrative data, was constructed from the
NPCD based on patients’ past-year inpatient and outpatient
ICD-9-CM diagnostic codes.20 Fact of death (no/yes) was
defined as the occurrence of death within 2 years of the survey
return date as determined by the VHA Vital Status File, which
merges death data from several sources (ie, Beneficiary
Identification Records Locator Subsystem Death File, the So-
cial Security Administration Death Master File, the Medicare
Vital Status File, and the VHA Medical SAS Inpatient Data-
sets) and has been shown to have a high correspondence to
death ascertainment with the National Death File.21

Analysis Strategy

Based on the fact that low-level drinkers are known to
have lower mortality risk than nondrinkers,4,22,23 we cate-
gorized AUDIT-C scores into 4 risk groups (0, 1–4, 5–8, and
9–12) with 1–4 as the reference group. The initial analyses
described the study sample, evaluated associations between
each covariate and AUDIT-C group with chi-square tests,

and calculated the unadjusted prevalence of 2-year mortality
for each AUDIT-C group. Then, covariate-adjusted logistic
regression models were used to assess the odds of death
based on AUDIT-C risk group. A priori interaction effects
(AUDIT-C group by sex and age) were evaluated. Where
significant interaction effects were found, subsequent ana-
lyses were stratified for ease of interpretation.

Results

Sample characteristics and bivariate associations
with the AUDIT-C risk group

Overall, 391,111 unique outpatients were selected for the
survey in 2004 and 2005 combined and 270,710 responded

Q1: How often did you have a drink containing alcohol
in the past year? 

Q2: How many drinks did you have on a typical day when you
 were drinking in the past year?  

None, I do not drink 0

1 or 2 0

3 or 4 1

5 or 6 2

Never 0 

Monthly or less 1

Two to four times a month 2 

Two to three times a week 3

Four or more times a 

week 

4

7 to 9 3

10 or more 4

Q3: How often did you have 6 or more drinks on 1 occasion
in the past year? 

Never 0

Less than monthly 1 

Monthly 2

Weekly 3 

Daily or almost daily 4

FIG. 1. AUDIT-C items and scoring.
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(69.2%). From the sample of responders, 225,092 provided us-
able AUDIT-C data; of these 44.9% had an AUDIT-C score of 0,
42.2% had an AUDIT-C score of 1–4, 10.2% had an AUDIT-C
score of 5–8, and 2.7% had an AUDIT-C score of 9–12.

Characteristics of the VHA patients who completed the
AUDIT-C are presented in Table 1. Females were more
highly represented in the AUDIT-C 0 and 1–4 groups (4.3%
and 4.5% respectively) compared to the AUDIT-C 5–8 and 9–
12 groups (1.8% and 1.6%, respectively; P< 0.001). Patients
in the AUDIT-C 0 and 1–4 groups were more likely to be
older than patients in the AUDIT-C 5–8 and 9–12 groups
(P< 0.001). White patients were most highly represented in
the AUDIT-C 1–4 group (88.0%) and least represented in the
AUDIT-C 9–12 group (79.2%; P< 0.0001). In contrast, Afri-
can American patients and Hispanic patients were most
highly represented in the AUDIT-C 9–12 group (8.6% and
8.3%, respectively) and least represented in the AUDIT-C 1–4
group (5.3% and 3.9%, respectively; both P’s< 0.0001).

Education was also significantly associated with AUDIT-C
group (P< 0.001). Patients with less than 12 years of edu-
cation constituted a greater proportion of the nondrinkers
(24.3%), whereas patients who had graduated from college
were more highly represented in the AUDIT-C 1–4 and 5–8
groups (23.5% and 17.8%, respectively) compared to the
AUDIT-C 0 and 9–12 groups (13.3% and 12.2%, respectively).
The proportion of married patients was highest in the AU-
DIT-C 1–4 group (69.0%) and lowest in the AUDIT-C 9–12
group (45.2%; P< 0.0001).

Period of last regular smoking was also significantly as-
sociated with AUDIT-C group (P< 0.001). Current smokers
were most highly represented in the AUDIT-C 9–12 group
(33.1%) compared to other groups, and lifetime nonsmokers
were most highly represented in the nondrinking group
(29.1%). With respect to depression in the past year, de-
pressed patients were most highly represented in the AU-
DIT-C 9–12 group (52.7%) and least represented in the
AUDIT-C 1–4 group (27.9%). Average Deyo comorbidity
scores were highest in the AUDIT-C 0 group (mean¼ 1.20)
and the lowest in the AUDIT-C 9–12 group (mean¼ 0.72).

Association between AUDIT-C risk group and
mortality in females

In a covariate-adjusted logistic regression model that
predicted death in the 2-year follow-up period, a significant
interaction between sex and AUDIT-C group was found.
Therefore, we stratified the sample by sex and conducted
separate analyses for males and females. In the sample of
9168 female patients, the interaction between age and AU-
DIT-C group was not significant and therefore was dropped
from subsequent analyses (although age was retained as a
control variable).

Table 2 presents the results of the logistic regression
analysis examining the association between 2-year mortality
and AUDIT-C risk group for women, with the AUDIT-C 1-4
(2-year death rate¼ 0.01998) as the reference, controlling for

Table 1. Characteristics of VHA Outpatients in Study Sample (N¼ 225,092) by AUDIT-C Scores

AUDIT-C AUDIT-C AUDIT-C AUDIT-C
Total Sample (225,092) 0 (101,109) 1–4 (95,001) 5–8 (22,973) 9–12 (6009) P value

N(%) N (%) N (%) N (%) N (%)
Demographics
Female 9168 (4.1) 4393 (4.3) 4268(4.5) 409 (1.8) 98 (1.6) <0.001
Age <30 1162 (0.5) 239 (0.2) 651 (0.7) 218 (0.9) 54 (0.9)

30–39 3107 (1.4) 923 (0.9) 1610 (1.7) 452 (2.0) 122 (2.0)
40–49 11681 (5.2) 4518 (4.5) 4887 (5.1) 1671 (7.3) 605 (10.1)
50–59 47241 (21.0) 19880 (19.7) 17760 (18.7) 6993 (30.4) 2608 (43.4)
60–69 53028 (23.6) 22880 (22.6) 22020 (23.2) 6553 (28.5) 1575 (26.2)
70–79 72771 (32.3) 33930 (33.6) 32280 (34.0) 5685 (24.8) 876 (14.6)
>80 36009 (16.0) 18700 (18.5) 15750 (16.6) 1394 (6.1) 165 (2.8) <0.001

White 189007 (85.8) 83390 (84.7) 82130 (88.0) 18800 (83.0) 4687 (79.2) <0.001
African American 14168 (6.4) 6966 (7.0) 4952 (5.3) 1744 (7.7) 506 (8.6)
Hispanic 9905 (4.5) 4404 (4.4) 3639 (3.9) 1372 (6.1) 490 (8.3)
Education

Less than 12th 40227 (18.2) 24050 (24.3) 12140 (13.0) 3109 (13.7) 928 (15.7)
HS graduate 140823 (63.7) 61710 (62.4) 59330 (63.5) 15520 (68.4) 4263 (72.1)
College Grad 39900 (18.1) 13120 (13.3) 22010 (23.5) 4047 (17.8) 723 (12.2) <0.001

Married 148846 (66.1) 67540 (66.8) 65520 (69.0) 13070 (56.9) 2716 (45.2) <0.001
Health behaviors

Last Regular Smoking
Never 61271 (27.2) 29450 (29.1) 25700 (27.0) 4876 (21.2) 1245 (20.7)
Past year 11450 (5.1) 4671 (4.6) 4416 (4.7) 1805 (7.9) 558 (9.3)
1–5 years ago 10745 (4.8) 5021 (5.0) 4163 (4.4) 1235 (5.4) 326 (5.4)
Over 5 years ago 113772 (50.5) 50790 (50.2) 50830 (53.4) 10260 (44.7) 1892 (31.5)
Current 27846 (12.4) 11170 (11.1) 9894 (10.4) 4794 (20.9) 1988 (33.1) <0.001

Medical conditions
Past year Depression 74041 (32.9) 36140 (35.7) 26470 (27.9) 8267 (36.0) 3164 (52.7) <0.001

Deyo Comorbidity Score Mean (SD) 1.01 (1.34) 1.20 (1.44) 0.89 (1.25) 0.73 (1.12) 0.72 (1.11) <0.001

HS¼High school graduate.
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age, race, education, marital status, past year depression, and
Deyo comorbidity index scores. Women in the AUDIT-C 0
group (odds ratio [OR] 1.34; 95% confidence interval
[CI]¼ 1.01–1.78), and those in the AUDIT-C 9–12 group (OR
7.09; 95% CI¼ 2.67–18.82), had a significantly increased
mortality risk. The latter figure represents a 6-fold increase in
odds of death compared to women in the AUDIT-C 1–4
group. No significant increase in mortality risk was observed
among women in the AUDIT-C 5–8 group.

Association between AUDIT-C risk group and mortality
in males

In the sample of 215,924 male patients, there was a sig-
nificant interaction between age group and AUDIT-C group
in the prediction of 2-year mortality. Therefore, we stratified
the male sample by the 6 age categories and conducted an-
alyses separately for each (Table 2). In the age 18–39 and 40–
49 groups, AUDIT-C group was not associated with 2-year
mortality risk. In the age 50–59 group, compared to the
AUDIT-C 1–4 group, the AUDIT-C 0 group had significantly
increased odds of death (OR 1.41; 95% CI¼ 1.22–1.63), as
did the AUDIT-C 5–8 group (OR 1.35; 95% CI¼ 1.12–1.63)
and the AUDIT-C 9–12 group (OR 2.00; 95% CI¼ 1.59–2.52).
In the age 60–69 group, compared to the AUDIT-C 1–4
group, the AUDIT-C 0 group had significantly increased
odds of death (OR 1.31; 95% CI¼ 1.18–1.45), as did the
AUDIT-C 5–8 group (OR 1.22; 95% CI¼ 1.05–1.42) and the
AUDIT-C 9–12 group (OR 1.77; 95% CI¼ 1.41–2.23).

In the age 70–79 group, compared to the AUDIT-C 1–4
group, the AUDIT-C 0 group had significantly increased
odds of death (OR 1.34; 95% CI¼ 1.26–1.43), as did the
AUDIT-C 9–12 group (OR 1.60; 95% CI¼ 1.26–2.02). In pa-
tients 80 years old or older, compared to the AUDIT-C 1–4
group, the AUDIT-C 0 group had significantly increased
odds of death (OR 1.36; 95% CI¼ 1.27–1.45), as did the
AUDIT-C 9–12 group (OR 1.54; 95% CI¼ 1.27–1.45). In these
oldest 2 age groups, the AUDIT-C 5–8 group did not differ
significantly from the AUDIT-C 1–4 group in terms of 2-year
mortality.

Discussion

These results significantly extend prior research that has
evaluated whether validated alcohol screening question-

naires employed in clinical practice can be used to assess
patients’ level of risk for adverse health outcomes, in par-
ticular mortality. As in a recent study of a smaller sample of
male VHA patients,5 we found that male nondrinkers (AU-
DIT-C 0) older than 50 years of age have an increased risk of
death compared to low-level drinkers (AUDIT-C 1–4). This
apparently robust result is consistent with the broader liter-
ature linking alcohol consumption to mortality risk4,22 and
has several possible explanations. First, patients with a
greater number of medical comorbidities are more likely to
be nondrinkers (Table 1) and this is probably more pro-
nounced in older cohorts. People often stop drinking when
they get sick or become more frail. Some current nondrinkers
might be former problem drinkers and, therefore, part of the
higher death rate among abstainers might be a result of in-
dividuals who incurred alcohol-related harm from their
former heavy drinking.24

Furthermore, low-level drinking, such as reported by the
AUDIT-C 1–4 group, has been associated with cardiovascu-
lar protective effects,24–26 suggesting another explanation for
the elevated mortality risk among abstainers. Younger pa-
tients have lower cardiovascular risk, so the potential car-
diovascular benefits of alcohol use might not be apparent in
these patients. Younger patients also may be less likely to
abstain due to chronic diseases and may abstain for other
reasons, perhaps including religious proscriptions against
drinking, that may be associated with other protective fac-
tors (eg, social support, religious service attendance).27,28 In
the female sample, nondrinkers (AUDIT-C 0) had increased
risk of death compared to low-level drinkers (AUDIT-C 1–4),
with an identical OR (1.34) as that observed in the non-age-
stratified male estimate.

The high level of drinking in the AUDIT-C 9–12 group
was associated with a 7-fold increase in mortality risk for
women; however, there is a large CI around this estimate
(2.67, 18.82). Although we cannot be certain why heavy
drinking appears to be more risky for females than males, a
previous study also found that females with a positive
CAGE score at mean age 43 had a higher risk of death than
males during the 21 years of the study.12 These findings
might be explained, in part, by several factors, including that
the overall smaller physical stature and lower total body
water of females causes them to achieve higher blood alcohol
content, and thereby more negative consequences, with the
same level of consumption as males.29–32

Table 2. Association between AUDIT-C Score and Mortality
{

AUDIT-C AUDIT-C AUDIT-C AUDIT-C
0 1–4 5–8 9–12

HR (95% CI) 2-Year Death Rate HR (95% CI) HR (95% CI)

Female Sample 1.34 (1.01, 1.78) 0.01998 0.89 (0.35, 2.24) 7.09 (2.67, 18.82)
Male Total Sample 1.34 (1.29, 1.39) 0.05222 1.13 (1.05, 1.21) 1.63 (1.45, 1.84)

18–39 years old 0.73 (0.21, 2.49) 0.00522 0.33 (0.04, 2.67) 1.03 (0.13, 8.45)
40–49 years old 1.34 (0.93, 1.93) 0.01308 1.19 (0.74, 1.92) 1.12 (0.56, 2.24)
50–59 years old 1.41 (1.22, 1.63) 0.01883 1.35 (1.12, 1.63) 2.00 (1.59, 2.52)
60–69 years old 1.31 (1.18, 1.45) 0.03140 1.22 (1.05, 1.42) 1.77 (1.41, 2.23)
70–79 years old 1.34 (1.26, 1.43) 0.06004 1.09 (0.97, 1.23) 1.60 (1.26, 2.02)
>80 years old 1.36 (1.27, 1.45) 0.11660 1.10 (0.93, 1.32) 1.54 (1.27, 1.45)

{All models include age, race, education, marital status, smoking status, comorbidity index, and previous year depression. CI, confidence
interval; HR, hazard ratio.

266 HARRIS ET AL.



For men, the risk of mortality associated with the AUDIT-C
9–12 group varied by age, from nonsignificance in the age
18 to 49 range to a 2-fold increased odds of death in the age
50–59 group, and then remaining significant but declining in
magnitude for men in the older age groups. This result differs
somewhat from a previous study that found increased mor-
tality risk in men younger than age 50, but the previous
population included patients actively engaged in primary care
who might have had greater medical comorbidity.5 However,
the general decrease of risk with age associated with heavy
drinking was confirmed and may reflect a ‘‘survivor bias’’—
that is, that heavy drinkers who are susceptible to alcohol-
related harms either get sick and reduce their drinking or die
before reaching these older age categories.

These results need to be understood in light of several
limitations. Incomplete or differential ascertainment of death
could have biased study results. For example, deaths among
patients in the higher AUDIT-C categories may be less likely
to be recorded because of homelessness, biasing results to-
ward the null. However, rates of ascertainment are expected
to be high for this sample of patients because all were ac-
tively engaged in VHA outpatient care. Although we have
no reason to suspect it, it is possible that the relationship
between AUDIT-C scores and mortality could be different in
the SHEP nonresponders (30%). In addition, the AUDIT-C
assesses drinking in the past year but provides no data re-
garding previous alcohol misuse to differentiate lifetime
abstainers from previous high-risk or problem drinkers. In
addition, VHA data sources used to assess vital status do not
include any information on cause of death. Although we did
not find an interaction effect with age in the female sample,
this may have been related to the relatively small number of
women and deaths in our data. Furthermore, AUDIT-C data
collected in the course of a mailed survey on patient satis-
faction may differ in important ways from screening data
collected in the course of clinical care.

Nevertheless, this study provides important new infor-
mation about sex- and age-specific risks of mortality attrib-
utable to AUDIT-C scores using data from a national sample
of patients from the VHA. This study adds to the growing
literature establishing the AUDIT-C as a scaled marker
of alcohol-related risk or ‘‘vital sign’’33 that can facilitate
the improved management of alcohol misuse as well as
the management of medical conditions associated with ex-
cessive alcohol consumption. Recent research has linked
AUDIT-C scores to a host of subsequent medical outcomes
including gastrointestinal problems, fractures, medication
nonadherence, and surgical complications.6,8,10 Health care
systems, such as VHA, that adopt a program of annual al-
cohol misuse screening with the AUDIT-C can use these data
to inform clinicians about alcohol-related risks, educate pa-
tients about the potential health-related risks of their alcohol
consumption, and potentially to guide the intensity of in-
tervention efforts.
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